This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY, 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



5 Al nnalP ub«caUonDaU: 6 Jt«y2*00(06tf 




C07D 307/87 



(I„ International PubUcaUon Number: 
( 43)IntcrnatlonalINA^^ 



WO 00/39112 1 

6 July 2000 (06.07.00)1 



| (30) Priory Data: 7ig 



23 December 1998 (23.1X98) DK 



LUND- 
Copen- 



; hagen (DK). 

I S^fS Pou> Sik/DKV. Prejlerupvej 26. 

DK-4560 Vig (DK). 

h LUNDBECK A/S; Petersen. 
(74) C Thr5St!£vej 9. DK-2500 Valby Copenhagen 
(DK). 



(81) Designated S^^U AU.^B^. || 

SI. SK. SU TJ.TM. m TT. UAJJ£ ^ s „ ^ | 
,i 7W ARIPO patent (GH. ~j a7 hY KG K2. 
^S.UG.ZW) Eurasian patent (AM, AZ, BY. KG , 

MD^RU. TJ. J^^I u ^^e ^ LuT'mcT NL,' PP. SE). 

DK < ES ' "J mF S CP <£ CI CM OA. GN. OW. MU 
OAP1 patent (BP. BV t-r. 
,MR^E. SN.TD.TG). 



' rUbHSh mth international ^ch np°ri^ , h I 

amendments. 



I (S7) Abstract 

A method for the preparation 
l of s^yanophthalide in which 

bTSfatA!?- 
S2 alkyl which is then reacted 
S«» a dehydrating agent thereby 

Suing ySSS; o^e^ 
conversion of ( _S^|*W Fofmu , a (1 




(IV) 



with a dehydrating agem nr the acid chloride, 

effective procedure. 
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METHOD FOR THE PREPARATION OF VcYANOPHTHAUDE 

■ ,„„ rcla.es to . novel process for the preparation of S-cyanophlhalide 
The present rnventron relates ' of ^ wd . knovm antidepressant drug 

— ^ an intermediate 

5 citalopram, 

isobenzofurancarbonitrile. 



. "ST is "I - " deptcssan, dnrg that has now hecn on tlrc ma,*, for aonre 
years and has the following structure: 




Formula I 

15 It is a selective, central, acrivc — * 

accordingly having antidepressan act.Mtrcs. The an P * 

„ Citalopmna is prepaid hy the process ~ ^JEST 

spectively, and the resulting compound of the formula 




Formula II 



25 



is subjected to a ring closure reaction 



by dehydration with strong sulfuric acid. 



mtmwyuQiOHCOtt 
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he nreoaredV .he method described in US Patent No. 
Enantiomers of c = - * ^ ^ — le of Formula „ and perfotn,- 

cost-effective way. 

of 5 cvanophthalide has previously been described in Bull. Soc. 
A method forthepreparaUonof S-cyanophtl P ^ ^ ^ By ^ 

, 0 sd. Bretagne, 26, 1951, 35 and in ih^cOT^sponding 5-cyanophthalide by diazotation 
method, 5-am^ 
followed by reaction with CuCN. i Am. V 
by a two step reduction procedure. 

. , r i^ i, has been found that 5-cyanophthalide may be 
Though a number of other methods ^j^^ from 5 -carboxyphthalide. 
prepared in high yields by a convenient, cost-effective pr 

Description of the invention 
phthalide from S-carboxyphthaUde compnsmg 



" a) conver.ingS-earboxyphthahde.oanamideofFo.mu.afV 



20 





O Formula III 
in which R is hydrogen or alkyl, and 

nophthalide 
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10 



15 



u , The acid chloride is conveniently obtained by treatment of 
U C ?:K7oa ^£^ oc in a suitable solvent, sneb as toluene 
S-earboxynhtbaltde wtlh POCI„ PCI, or , ide ^ csleI is obtamed 

or toluene comprising a catalyttc amount of N.N d.m> ^ ^ in 

by treatment -"-"^"^X^ * - - "Cl, H.SO.POC1,, 
„,« presence of an acid, pre era from the acid c h,oride by reaction 

PC, or SOC1, AUematrvely *e est may ^ ^ v „ „ , hen 

wilh „ alcoho. The estcrof F ^ „ ,„ c ^ kyIamiM . prefer- 
verted to the amrdc of Formula IV oy an 



ably 1-butyl amine. 



, ™ • r alltvl refers to a branched or unbranched alkyl 
Throughout the specification and Oarmv , ^ 2 . pr0 . 

gro „p having from one to srx carbon .« » 2 . m e,hyl-l-propyl. 
» pyl. l.butyl,2-butyl.2.methyt-2.propyl.2>u««=«>y 1 «W 

agent may easily be determined by a perao. sk. M »ta * 
d ra .ingagen t sareSOCl,.POCl ) andPCl > .preferablySOCl 1 . 

conveniently aoonitrile. When me reaetton « earned m t. as.* <• y 
,„ . u ou.va.ems of dehydrating agem is used may be 

Furdrcrmore, when a so.ven. is used a ^"^J^S* i— rs used as the 
30 neoded, in pariicmar when the dehydratmg agem . SO °^i ylfonMI „ide. 
solveoMfneeessaryinlhepreseneeofacaUlvtreamountofN^ dim 
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4 . <. nrefcrably at the reflux tern- 

The reaction in step d) is 
pcrature of the solvent. 

and subsequent washing of the cry 

recrystallisation. ^ ^ r ^ t bulyl 

, r,rred embodiment of the invention 5-carboxyp ^ ^ 

in o 5 -carbamoylphthahde,^hicnt 

- ss^^ — — — -- 

COndili ° nS ' u • .hv the methods described 

* tsrr^sr- - — * mo, so, 

hydration of lnmdUftic«.i 
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Example 1 



Example i 

Preparation of 5-Cyanopbtbalid 
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5 Chlorocarbouylphthalid (2Q0 ^ and thionylchloride 
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^ t y%\ or 'H NMR (CDC1 3 . 500 MHz): 
„ep»ne 000 *- » - «^ ^ , ^ L>. 8, OH. s). »C NMR 
.J, OH. s». W OH. * ■ = • * ; j "W A „7.8. ,46.6, .67.4. .69.0. 
(CDCI„ 125 MHl): 69.4, 125.1. U 

S-tcrt-ButylcarbamylpbttoW , 
MethodA)-. ded ,„ fluooylchloride 000 ntUDNH (W 

^ was added and .ha nuxture was reflux b telrahydotea „ (THF) 

tesoWanta were evaporated in rmm. T* «*» ;„ THF (20 0 mL) a. 

Me,h0dB): „ h h to .id(3n.0.2-«)ta THF(200mL)WaS f^TH F 

A so.urion of 5-chlorocarbonylphtoW 09 8 ^ g o B mole) ,„ THF 

soluli o„ of .ert-botvUnune <» e Th ° c 2 ^* > : s sti J for 1 hour. The reaction »»» 
(200 mL, at room remperature. Th— ^ fomed was colle c,ed 

was than poured into ice water (500 mL). 

,24.6. 126.6. 128.2. 141.3. 147.2. 165.5. 170.1. 
S-Elhoxycarbonylphlhalid 

Method A)t d£d in ettaI11) i (400 roL). POC1, 00 g. 0.07 

5-CarboxyphrhaHd (37 g, 0.2 mole) was suspended for 5 

U J added drop-wise and ^""^d cry— The e^s 
30 hours. -jponeoolingtoroomtempera^.* - DSConMt: m -C. 

were fdtered off and washed win, e,h,n„K5 ^'J' q . J=7 Hz). 5.48C2H 
■H NMR (DMSOA, 250 MHz)-. 1.36 (3H < 1-7 Ha). « ^ ^ ftJ „ 
s) , ,, 5 OH, d. .=2.5 H^ 12 (1H. . ■ « • | ^ l69 ,. 
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a . reflux for 15 minutes. After cooling, the crystalline material formed 



5-CarbamylpWhalid. 



Method A): mole) was suspended in ammonia (10M solution in 

S.Bhoxycarbony.phthahd (41 g. 0.2 mole)w J ^ ^ ^ ^ 

methano., 200 rnL) in a ^""^^ ice (i50 g) and pH was 
20 hours. Afier cooHng. the «— ^ mixture was stirred for 2 
adjusted .0 P H=. usutg coocenua * hyd ^ ^ ^ ^ ,„„ M 

„ hours. The crystais formed were fi t ^ ^ ^ 

"' mC "°- Yfc,d u mH» 7 92 ( H . -7 J Hz). S.0C (1H, d. ,=7.5 Hz,, 8.14 (,H. 
sJJS-M (ltU s (NH))^^ NMR (DMSO-d 6 , 62.5 MHz): 70.0, 122.2, 124.9, 127.2, 



128.2. 139.7, 147.4, 167.1,170.1. 



15 
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Melh ° d , v, h ,rf (20 e 0 1 mole) was dissolved in THF (100 mL) and added to 

5-Chlorocarbonylphthahd (20 g, 0.1 moie) for 3Q 

ammonium hydroxide (50 mL) in „ ««r^ ™ mi ^ ^ 

minutes and the precipitated crystals were filtered off. The cryst 

. „ vwaM- 17 1 e 97%. DSC onset: 237 C. 
water (100 mL) and dried fri vacuo. Yield. 17.1 g, 



5-Cyanophthalid. 
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Method A): SUS pended in toluene (600 mL) and thionyl- 

Dry 5-carbamylphthalid (36 g . ^-OT «J The reaction mixture was 

chloride (36 g. 0.3 mole) was a ded. DMP^mL ^ ^ 

heated at 75 -C for 6 hours. Toluene (100 mL) wa rem v y ^ ^ 

raining solution was cooled to room *^ was crystallised 
and washed with toluene (150 mL) and water (100 mL). The produc 
from toluene. Yield: 22 g. 80%. DSC onset:203 »C. 

The mix«ure was heated to reflux for 30 mto. Toluene mM or 

solvents were removed in mcuo. The title product was crystall^ed from 

" X, g .9,%flomto 1 nene.DSConae,.203-C.PntU,:98%(hp I c,poaxarea). 
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CLAIMS 



, ^e.hodfoMh.p^onofS-cy.nopMhaHdeco.nprisin, 

a) ^^onoraS-carbo^haUae^n^ofPo^alV 



NHR 





Formula 111 O 



Formula IV O 



in which R is hydrogen or C, 6 alkyl, and 

.„ rrormulalVwithadehydratingagenttherebyobtammg 
b) then reacting the amide of Formula IV 

5-cyanophthalide 




t> Formula V 



8 



• ^conversion of 5-c* 
, • , i wherein the co» 
The method of clam, U^V 

• tester of Formula VI. 

•*A nut via an esw 
^ula IV is carried out 

ORi 



. boxy phtha\idetothe 



amide of 




0 rormu.- - lcoholR , 0 Hin 



wl KremR,'.sC,,*lo id!lli on of incest 

„f„, acid and subseqo^ "» 
Ihe presence of an a 



ulaVl 

. catb oxvr* M e W *ana, 

offoroU >aV.^a m mon>ao t a 



Ci6 a\ky\aminc 



The me' 



^odofdann^vherem 



Ihe conversion 



Forn ruiaiViscarrienonrviaan 



acid chloride o 



fFonnulaVll- 




form 1 



AriaVU 



onri, and su 
^haiidewithPOCU-PClrOrSOCU 

acid chloride of Formula V 



lbsea uent amidation 



, of 5-carboxyphthalide to the amide of 



4 The method of claim 1. wherein the convers.cn. 

acid chloride of Formula VII and an ester of Formula VI: 



Formula IV is carried out via 



an 





0 Formula VI 



O Formula VII 



, „f s rarboxvohthalide with POClj, PC1$ or 
wherein R, is C M alkyl or phenyl, by treatment of 5-carbox> pi 



S0C1 2 , reacting I 



The method of claim 2, wherein the 



acid used is a mineral acid or Lewis acid. 



. , -,4 rt rTi»wis acid is selected from the group 
6 . The method of claim 5, wherein the mineral acid or Lewis 

consisting of HCl, H 2 S0 4 , POCl 3 , PCI, and S0C1 2 . 

7 . The method of claim 2, 4 or 5, wherein R, is methyl or ethyl. 



PC1< 



10 

, TUeme a 1 odofc 1 a im 8, i „«h i c h ..Kdc 1 , y ara.in 6 a B e„UsSOa, 

• • c.n Mis carried out neat or in a suitable 
10 . medtod of Cairn ..wherein U,e reaeuon » step b) 

solvent. 

«*» is earned ou. in a solven. selcc.ed from .he 



11. The 
group 



method of claim 10, wherein .he reaeuon 
consisting of toluene, aulfolan or aeetonitrile. 



)2 . The mcUtod of claim 1 1, wherein Ihc solvent is toluene. 

14 . Th eme.hodofclaiml,whereinRisHor.er.-bu.v.. 

„nfPOCl in order to obtain an ester of Formula VI, wni 
alcohol R.OH, in the presence of i OCl 3 , in 

reacted with ammonia, 
SOCl 2 to 5-cyanophthalide 



!6. The method of claim 



,5, W h«in *e a!cohol R,OH is eutano. or metatoi. 



11 

^oted with ammonia in methanol, thereby 6- 



with 



SOCl 2 to 5-cyanophlhalide. 
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, on of 5-cyanopMhaUde in which 5-carbo*yphthalide is 
Am eflwd for the preparation of 5 cya 

esponding amide of Formula (IV) 



converted to the con- 

NHR 




in 



(IV) 



^HRisMrogenorC,,*, halidc ,„ ,V,e coring am.de 

, . oti^ corresponding C,^aiKy i w f 

procedure. 
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